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By A. F. Zagy, R. H. Surrs, and G. C. HiLL.

SUMMARY.

A model of the C class airship hull, when severed at its major section and provided with a
cylindrie mid-body of yariable length, had its air resistance increased about in proportion to
the length of the mid-body up to 3 diameters, and in about the manner to be expected from
the increase of skin friction on this variable length. For greater length the drag increased less
and less rapidly.

As usual for such models, the drag for any fixed length, at 20 to 60 miles an hour, is accu-
rately of the parabohc form RaV®, and hence the drag coefficient is of the hyperbohc form
Ca V-3, where 7 is slightly less than 2.

The variation of ¢ with length is stated in the conclusion.

INTRODUCTION.

This report* was submitted to the National Advisory Committee for Aeronautics for pub-
lication by permission of the Bureau of Construction and Repair, Navy Department. From
previous tests, described in the burean’s Report No. 128, it was known that the C class airship
hull, curving continuously from stern to stern, has an excellent shape coefficient. To ascertain
whether this could be bettered by introducing a cylindric portion amidships, a new model was
made and tested in the 8 by 8.foot tunnel for head-on resistance at 20, 30, 40, 50, and 60 miles

an how
DESCRIPTION OF MODEL.

Figures 1 and 2 give the external appearance and over-all dimensions of this model; also
the specified and measured offsets. The new hull, first made like the original, was severed at
its major section, and elongated by inserting cylindric segments of various length and of the
common dismeter 7.7 inches. The segments, which were of dry pine, were provided with brass
face plates inset into their ends in such way that the successive blocks could be screwed together
50 as to present a uniform and continuous outer surface. The exterior was smoothly sandpapered
and varnished. The middle portions conformed accurately to specifications; but the bow and
stern departed somewhat from the specified offsets, as may be seen in figure 2.

METHOD OF MEASUREMENT.

During the test the model was suspended by two fine short wires from a horizontal bar
inside the wind shield shown in figure 1, the bar in turn being supported swmg—hke by two wires
attached to the cellmb of a high room gbove the tunnel. Oscillations in yaw were prevented
by & slender stern pin running through an eyelet in a taut horizontal wire. No drag corrections
had to be made for this guide pin, as was proved by careful measurements. The drag correction
for the static pressure drop along the axis of the tunnel was made as usual by multiplying the

! The present rapoct Is a slightly altered form of C. & R. confidential Report No. 178, revised for publieation by the National Advisory Com-
mittee for Aerongutics. 143
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volume of the model by the uniform pressure gradient. The drag was measured with the model
supported first by two wires, then with two additional wires 10 diameters to one side of the others.
The increment of resistance so found was subtracted from the original to determine the drag
of the hull alone plus that of the horizonts)l bar to which the suspensiori wires were attached
inside the wind shield. The slight resistance of this horizontal bar within the shield, and the
pressure drop just mentioned, were then deducted to find the true drag on the hull alone. The
wind speed could be held fixed and, after preliminary study, could be determined truly to one-
half of 1 per cent in the region to be occupied by the model. The displacement of the model
along stream. could be measyred with this precision at all the speeds employed above 30 miles
an hour. RESULTS OF THE TEST.

Figure 3 gives the net-drag on. the airship-hull at all speeds from 20 to 60 miles an hour,
with all lengths ‘of cylindrical middle body from zero to 5 diameters. The straight lines in
the lower part of the cut give the shape coefficient, plotted against VL as usual, for the model
with the longest middle segment and with no middle segment. These two graphs do not blend
because the hull shapes differ. = _ o ,

As usuel in such experiments, the drag, for the range of speeds used, is accurately of the
parabolic form R=—KV®, and hence the drag coefficient is of the hyperbolic form (a V"3, where
n is slightly less than 2. This method of plotting the air resistance and shape coefficient has
been, used for nearly two decades, and is known to give, for a certain speed range, straight line
graphs for many other shapes besides surfaces of revolution. o L

The dots on the graphs in figure 8 represent corrected resistances. Each graph is derived
from a separate sheet setting forth in detail the observations, as in figure 6. This and the seven
other preliminary data plates, which latter are omitted for brevity, justify the placing of the
dots in figure 3 all directly upon the straight line graphs. It is not, however, assumed that the
straight line plot is applicable to indefinitely higher and lower speeds. )

Figure 4 gives the total resistance of the madel plotted against the length of the cylindrical
middle. As the length of the cylindrical segment increases from 1 to 3 diameters, the increase
of resistance is nearly uniform, and is approximately what should be expected from the increase
of skin friction on this length. Beyond 3 diameters of length the rate of increase of total drag
falls off more and more rapidly, due partly to the lessening of skin friction with length of sur-
face and partly perhaps to the change of pressure distribution over the bow and stern. This
fluctuation of pressure may in part cause the variations of n observable in figure 3.

As may be inferred from the nearly horizontal portion of this graph at the origin, a very
short cylindrical segment will benefit the model more by increasing its volume than it will
injure it by increasing its resistance. - This inference jg corroborated by the diagram in figure 5
giving the shape coefficient versus length of cylindrical middle portion. This diagram shows
that the shape coefficient is improved with increase of. straight middle body up to rather more
than half a diameter, after which it slowly increases up to about 4 diameters, then declines with
further increase of length as far as tested. The extreme length of the cylindricel portion was
5 diameters and the over-all length of the model was then 9.5. diameters. The indications are
that the shape coefficient would continue to diminish with increasing length of middle body up
to a fineness ratio too great for practical use.
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Fi@. 1.—“C Class" alrship hall with cylindric midshlp, suspended for drag measurements in wind tanpel.
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TaBLE 1.—Reststance of C class airship hull,

[Maximum diameter, 7.7 inches.)
> -
Displace- Displace- Ragistance Registance .
si?ei;d ment due spconmmgg me:ﬁ: due spcormu éfﬁg of model R“é‘lﬁt%o“m duato | Net total
(m.p. t% S ries | resistance &gl&dol;% resistance ‘ﬁwtﬁhWt frame | DreIe- I(pmmds?
an 03 0 ounds).
). 1 (nches). | @S | Sinihes), | (Pounds). | (omds), | (Pounds). (pounds). -
Length of parall el middle body zero.
. * .
20 0.818 0,0340 I 028 0. 0307 £.0276 0. 0008 0.0030 0. 0237
30 671 0720 . 601 . 0853 _ 5681 . 0019 . 0068 0409
40 1,151 .1261 1.039 L1129 . 0908 . (038 . 0103 . 0889
50 1769 . 19123 1.572 . 1708 . 16156 . (059 . 0183 .1303
60 -2.462 .2678 2.203 .2303 2130 . 0089 . 0210 L1831
Length of parallel middle body one-fourth maximum diameter of huil.
20 0.305 | 0.0369 cort | ooms | ¥ 0.0008 | 0002 | 0.023
30 .665 L0792 Wi L0808 | i . 0019 L0008 . L0515 .
40 |- 112 .1368 L9081 1188 | TU1028 . 0038 L0111 . 0881
50 1,800 2043 1.500 ,f1814° 1562 . 0059 . 0185 .1338
60 2,384 - . 2882 2,002 . 2529 i ;.'__2185 . 0089 0227 . 1869
. By A - ;
Length of parallel middle body one-hslf maximum diameter of hull. -
20 0.807 |~ 0.0891 0260 | 00343 10295 0.0008 } 0.0034 0.0253
30 .65 0830 . 578 L0731 -, 0031 . 0019 ! . 0073 . 0539
40 - 1100 . 1403 .978 1247 1002 .0038 | L0120 . 0038
50 | -Las .2136 1400 | L1000 | ;1658 [0050 | .0IT8 .1421 .
80 -2.831 2972 | 2,085 268 | L2350 .. bosg I L0244 -2017
Length of pacallel middle body maximum dlameter of hull.
| L
20 0,309 ; 0.0438 0.276 0.0388 0.0343 l 0. 0008 0. 0039 0, 0208
30 . o840 0815 .% L0819 ST .0019 . 0083 Rivil
40 1,080 .1535 . 1382 . 1228 . 0036 .0137 . 1055
50 1,643 2317 1,488 . 2091 - L1850 . 0208 . 1588 "
80 | 2280 .3215 2,052 2893 | - . L0278 “2217 =
Length of parallel middle body twice maximum dlameter of hull.
20 0.300 | .0.0604 [ G276 | " co0i4 | bvood2s | o008 | o049 | 0.0308
30 .820 042 569 . 0856 1 - 0872 L0019 .0104 L0749 -
40 1. 045 1767 962 .18]7 <1460 . 0036 L0171 . 1258
50 1,576 .2849 L 437 2418 L2182 . W59 0254 . 1869
60 2.201 L8700 l 1.998 3359 :8010 0089 « 0349 + 2572
Length of parallel m.!cidle body three times maximum diameter of hull.
20 | 0200 | 0.0667 0.260 | 0.0526 | 0.0488 | o %m 0.0050 |  0.0408
30 ) .11 .560 .1095 . 1001 0019 . . 0857
40 . 1038 . . 048 1854 .1708 . 0038 . . 1465
50 T L5662 B Tl 42 2821 e . 0059 034 <3222 .
60 .2.102 4288 | 2.023 . 3937 . 3626 . 0089 0418 8118 ' s
Length of parallel middle body four times maximum diameter of hull. !
| -
20 0,268 0.0811 0. 251 Q. 0572 0.0535 0. (008 0., 0069 0, 0458 ]‘ "
30 . 569 L1297 533 L1213 L1121 . 0019 . 0146 . ¢
40 . 960 .2208 .00 2066 107 . 0036 L0240 . 1641 i
50 1.460 .8327 1.361 .3102 2876 . 0059 . 0365 2461 |
80 2,050 572 1.909 4351 iy 0089 0488 |
Length of parallel middle body five times maximum dlameter of hull. '
20 ___O.Eg - 0.0850 i - 0.239 0. 0609 [ .. 0,0557 0, Q008 0. 0079 0.0470
30 T « 1408 . 510, . 1301 . L0018 . 0166 . 1013 R
40 - 2302 876 2231 .1 . 0036 0274 1765
50 - L4I8 .3618 1,897 .3384 . . . 0406 +2600
60 Les2 Sos4 L.863 L4758 . 0557 .3814 | )
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TaBLe I1.—Shape coefficient and oonexpond'ing values of VL for C class airship hull.

‘ L

! : Bhagn ~
spcedin coeflicient | |
: m. p. h. | c—x% (Ian.,[sec » rn.xm.nu )

l

; Length of parallel middle body zero.

.2 0. 01587 8.8 59.0

. 36 01885 0 1208 8.5
40 . 01438 1731 118.0 . o
50 J01206 2164 75"
60 177.0

w2, | 2607

Lensth of parsllel middte hody onc-foarth maxi- "
mum diameter of hull.

0. 01643 l 9.3 62.2 B .

2

30 015 | 180 .3 .

0 L1308 | 1825 1244 . .
50 -01359 281 1555

60 .01318 l 2.7 156.6

Length of parallel middle body ono-haif maxi- ' R
mum diameter of hutl.

0.0152¢ . 95.9 65. 4

20

3¢ . .elus 143.9 0.1
40 L01414 . 1918 130.8
50, .0i374 239.9 163.5
60 ' .0i354 2%7.8 196.2

1 I i
Length of paraliel middle body msximum diem- -

eter of hull. f
1 -
o2 0.01637 105.3 7L8
0 | .o 158.0 107.7 .
10 . 01458 210.7 113.6
50 . 01403 23.3 , 170.5 d
60 . 315.9 | . 2154

Length of parallel middie Mi‘ﬁ twice maximum

diameter of hu -
P2 0. 01745 | . Iml 8L 6 s
'3 .01587 1T 1881 126.9 : i
LT L0104 5 218.2 169.2 .
I | -0 310.3 2115
| o | ot | 2.2 2588
! Lenzth of parallel middle body three times maxi- °
mom dlameter of hull. -
l ' - N
20 0. 0IT15 142.9 7.4
P30 01609 . 2143 1481 g v T
40 L0157 0 2858 . 9@
| g0, .01500 | 372 2085
60 | 01463 | 4956 l 202 2 -
1

Length of paraliel middie hody four times maxi-
maom diameter of hall. .

20 001786 ! 161.7 110.2 ! -
30 .01620 | 243.4 185.3 : N T
40 01664 323.3 220.4 i
50 L0501 1042 2715.5 |
60 L0482 4849 330.6 i
Length of parallel middls hody five times maxi- e
mum diameter of . co
2 I 0. 01639 180. 4 123.0
3¢ - .01570 370.6 18L 8 -
4 ;.01 . X 2i8.0 —
& . . 01501 4511 307.5
60 ; .01478 541.2 380.0




